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Abstract 
This paper presents a Mobile Diagnosis System with Emergency Telecare functionality applied in Community Health Centers and 
hospitals in Thailand. The system results from an integration of two previously released applications: a tele-diagnosis system 
(TEDIST) and a smartphone based emergency report system (SPEARS). The functionality of these separate systems have been 
integrated and enhanced with a speech-to-text function, which users (or potential patients) apply to communicate with the system 
by speaking into their phones. A rule-based expert system is controlled by medical professionals regarding the automated diagnosis 
results. The emergency response component can communicate with local emergency services from hospitals and other 
organizations in order to find the nearest facility for help and support in case of emergency. Tests of the user interface and system 
tests have been carried out and have shown encouraging results. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the Organizing Committee of IAIT2015. 
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1. Introduction 
Thailand has consistently sought to increase the ratio of physicians to population. And indeed, the figures have 
improved but mostly in urban areas of the country and in the main tourism regions: Bangkok, Chiang Mai, Pattaya 
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and Phuket. The overall picture of the public health sector is not convincing when we look at the ratio mentioned 
above in the context of ASEAN countries, see Table 1. There are two ways to improve this situation in every country 
involved; either the number of physicians is increased at a higher rate than the population growth or the reach out of 
physicians is extended to more patients. Whereas the increase of the number of physicians takes a considerable amount 
of time, the extension of outreach by physicians can be supported in short time with the help of technology as is 
proposed in the remainder of the paper.  
The World Health Organization (WHO) adopted the following definition of telemedicine: “The delivery of health 
care services, where distance is a critical factor, by all health care professionals using information and communication 
technologies for the exchange of valid information for diagnosis, treatment and prevention of disease and injuries, 
research and evaluation, and for the continuing education of health care providers, all in the interests of advancing the 
health of individuals and their communities”1. 
 
Table 1. Physicians per 1,000 people (2010, World Bank1) 
Singapore 1.9 
Brunei 1.4 
Malaysia 1.2 
Vietnam 1.2 
Myanmar 0.5 
Thailand 0.4 
Laos 0.3 
Indonesia 0.3 
Cambodia 0.2 
 
In this paper, we adopt the following definitions: 
Telemedicine is the use of telecommunication and information technologies in order to provide clinical health care 
at a distance. It helps eliminate distance barriers and can improve access to medical services that would often not be 
consistently available in distant rural communities.  
Telehealth is the delivery of health-related services and information via telecommunications technologies. 
Telehealth could be as simple as two health professionals discussing a case over the telephone or as sophisticated as 
doing robotic surgery between facilities at different ends of the globe.  
Telecare is the term for offering remote care of elderly and physically less able people, providing the care and 
reassurance needed to allow them to remain living in their own homes.  
Telemedicine applications build a relatively new field of study and application in Thailand; the infrastructure of 
ICT had hampered widespread use of the Internet for using medical information. With recent improvements made, 
health and technology professionals will be able to work out novel applications and systems to help advance 
telemedicine for the benefit of the people.  
This research represents the integration and modification of two previously released systems: TEDIST1 (a tele-
diagnosis system for minor complaints) and SPEARS2 (a smartphone-based emergency report system). We have added 
such features as speech-to-text to deal with the input of symptoms and conditions by voice with the help of extraction 
and matching of keywords. The emergency telecare system is capable of supporting the rescue of patients with serious 
complaints in due time. 
In this paper we report on the Mobile Diagnosis System with Emergency Telecare in Thailand for diagnosing certain 
conditions that people can use to establish contact with Community Health Centres by mobile phone for handling 
personal diagnoses and emergency situations. The emergency telecare system can retrieve the current location of the 
emergency via GPS, convey messages to emergency services and send help immediately. The system uses speech or 
text as an input method for individual patients’ symptoms, which are taken by a rule based expert system for the 
analysis of conditions and appropriate diseases. Doctors have the opportunity to give prescription online to the patients 
they are responsible for, and. patients’ data are then stored in a Personal Health Record (PHR) for further analysis. 
This paper is organized as follows: after a view on related work, we first outline the design and implementation of 
the system, which is followed by an overview of the system architecture covering two integrated components (tele-
diagnosis and Telecare). Then, we report succinctly on user interface and system test results. Finally, conclusions are 
drawn and further work is indicated. 
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2. Related Work 
There are a number of studies, which focus on the application of smartphones and other mobile devices in the areas 
of telehealth and telecare.  
Cimler et al.3 have presented the Watch Dog, a mobile healthcare system which consists of a client application on 
Android smartphones that works with a server application in the cloud. The client consists of four components: 
x Sensors: collect patient’s health and activities data from smartphone sensor 
x Monitoring: receive and analysed basic data from sensors component 
x Communication: contact, send and receive data between client and server using SFTP, SSL and SL protocols 
x Activities: collect patient’s daily activities 
The application on patient’s smartphone gathers data from sensors and additional devices such as daily activities, 
breathe frequency and extreme situations, e.g. falling over on stairs. Data will be analyzed basically by client device 
application and store in JSON format because of reduction of the size that suitable for transfer in 3G network. Then 
the data will sent to cloud solution developed in Java technology for deeper analysis by doctor or caregiver. 
However, the problem in this work is the server cannot communicate with the client device independently, because 
the smartphone cannot possess the public IP address. But the contact from server to client may be necessary when the 
server have some important data want to send to client, although the system will communicate in the set of frequency.  
Warren et al.4 have developed a mobile middleware service platform, called Odin, that facilitates developers to 
create telehealth systems on smartphones. 
Odin was developed using the Java and Jini technologies. It consists of three components: 
 
x Device-Service: work on patient’s smartphone 
x Surrogate: managed communication between host (server) and client (doctor or caregiver) 
x Surrogate-Host: works as a server for gathering data from smartphone and client 
 
The data from patient’s smartphone are sent over wireless network using HTTP protocol. The communication 
technology such as 3G, Wi-Fi or Bluetooth will be chosen by Odin, determined automatically in any situations such 
as signal quality, smartphone’s battery level or operator’s cost. Data will be sent to Surrogate-Host that client (doctor 
or caregiver) will used it for deeper analysis. Client can access data in Surrogate-Host over the internet, using both 
mobile devices and PC applications. 
The example in this work presents the use of Odin in patient’s heart rate measurement. The Bluetooth body sensor 
and smartphone gathers heart rate, breathing rate, skin temperature and posture then show on the smartphone’s 
monitor. Doctor will reading these data from PC application and also sent the message to patient’s smartphone. 
Moreover, the suspected events are also sent to the caregiver’s smartphone, too. 
In the experiment, power consumption and transmission latency between 3G and Wi-Fi was considered because the 
importance of service’s operational lifetime and real-time interaction. The results show in one fully charge of battery. 
If the service is not deployed, the device can stand by for almost 14 hours. If the service is idle in Wi-Fi and 3G 
connection, the stand by time was decreased to 9 hours and to 6 hours if the service running. But in both cases, 3G 
will end faster at 20-30 minutes. In the case of transmission latency, data transfer from patient’s smartphone over Wi-
Fi will be much faster than 3G but in the client’s application case the situation is slightly different. 
However, the problem in this work is the connection between client application and Surrogate-Host doesn’t real-
time and automatically because it still required the consume service call from client. 
Raad et al.5 presented the Tele-health system for elderly patients with Alzheimer using the Internet of Things (IoT) 
and RFID technology. 
The system contains three components: 
 
x Using Bluetooth sensors, such as wearable devices work with smartphone application for gathering ECG 
(electrocardiogram) and other health data from patient. Or in the extreme situations such as ambulance 
requested, patient can press the button for sending SMS to doctor or caregiver immediately. 
x Using IP camera for detecting patient’s behaviours, then stored in database server installed in patient’s house. 
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x Doctor or caregiver can monitor data from web interface. 
x Patient’s health data and behaviours will be analysed by doctor or caregiver for advice.  
x Using RFID technology for gathering patient’s location in house. 
 
In the experiment at King Fahd University of Petroleum and Minerals (KFUPM) Medical Center, Saudi Arabia, 30 
volunteers, aged 20-23, installed the sensors and RFID tag, then lived in their homes with four RFID antennas in the 
important areas. The ECG and health data from the volunteers was sent over wireless communication to be stored in 
computer installed in the house, and volunteer’s movement data was gathered by IP cameras also installed in the 
house. The result show this system can work successfully in all situations. 
Unfortunately, this system lacks real-time monitoring and covers only very limited monitoring areas. It also cannot 
analyze health data basically or cannot give some basic assistance for patient by smartphone applications. 
Aiming to use a combination of medical instruments, mobile devices and network features for healthcare at home 
and in small clinics, Avik et al.6 reported the design of a mobile infrastructure. An application in patient’s smartphone 
receives the patient ID, personal health data and location data from medical sensors, such as ECG, pulse meter, oxygen 
meter, fat analyzer and blood pressure, which are then sent to the backend sub-system and stored in PostgreSQ using 
either Bluetooth, Wi-Fi, or a Web application. Finally, the rendering application in the smartphone sends data from 
the backend sub-system to the user. Challenges encountered were the high amount of data generated on the smartphone 
which may consume a lot of battery power and affect to performance of the proxy layer, the patient’s location 
information that is often unavailable indoors, and leads to rendering issues in the smartphone browser. 
3. System Design and Implementation 
3.1. System Design 
MOD-SET consists of two key components: (1) diagnosis system and (2) emergency telecare system. The first 
components will be explored in more detail focusing on problems with ears, nose and throat, eyes, and the respiratory 
system. The system takes the symptoms of the patient which provide by voice or texts as input and analyse using a 
rule base expert system. The second system is to deal with how to rescue patient with emergency situation in time by 
the help of navigation system and vehicle management. The MOD-SET is implemented with Java and Basic4Android. 
As the database server we have applied MySQL Server 4.0. In the following, we cover the user interface in more 
detail. 
After the user/patient has logged in to the system using patient ids then the system shows their full name, sex, 
marital status, blood group, address, phone numbers, date and place of birth, and occupation.  Also the patient’s past 
medical history available, e.g. childhood illnesses, accidents, surgeries, blood transfusions, serious and chronic 
diseases, immunization, and allergies. Patients are allowed to change data in the profile accordingly for up to date 
PHR. The complete lab data for the patient are available to the system, including blood pressure, pulse rate, weight 
(with BMI derived), and body temperature are available and can be used by the system. 
The user interface is designed comprising two levels, which are organized according to user roles: 
(1) Patients or users – give all necessary details by text or voice. 
x System will get PHR of patients before the diagnosis of the system. Users/patients have to type in patient ID 
to access the system and wait for the system to confirm patient information, especially names and addresses.  
x The system diagnoses conditions and disorders before transmitting the data to the doctor's screen for diagnosis 
and recheck. 
x The system enables the patients to access the doctor prescription if medical treatment is needed. The patient 
takes prescription id to the nearest Community Health Centers or hospital or drug stores. 
(2) medical professionals, e.g. doctors, nurses, and their assistants 
x Can diagnose the disease, the patient was sent via the mobile diagnosis system. 
x Can deliver the decision and recommendation of treatment to the patient. 
x Can generate the prescription to patients. 
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x Can add, delete and modify information about diseases which can keep them up-to-date. 
3.2. System Architecture 
The system architecture consists of two main parts: 1) the Telemedicine Diagnosis System and 2) the Emergency 
Telecare System – both are described in more detail in the following. 
The components of the Telemedicine Diagnosis system architecture comprise (see Fig. 1.):  
x Patient data are stored in a PHR; especially diagnosis results and comments will be useful for further follow ups.  
x Speech to text is used to transfer given speech by patients into text and send to the keyword extraction and matching.  
In this research we apply the PARTY Thai Speech-to-Text7 which is a voice-messaging application into the MOD-
SET system.  The speech-to-text conversion has been facilitated by using Thai automated speech recognition to 
return auto-transcribed text.  
x Keyword extraction and matching is used to extract and match keywords of disease database with words from 
patient text typing. Word matching8 can deal with wrong spellings/typing from patients as well as with relating 
terms/keywords to respond to those spellings correctly and similar terms and send to patients for verification.  
x Telemedicine diagnosis system is the tool considers and examines all symptoms and conditions from the text 
provided by patients. The patients have to provide details as much as possible, so that the system can diagnose the 
correct disease and send the diagnose result to both patients and doctors. The expert system is used for finding the 
answer of a disease that the user is having while using the system. The rule base is used to trace and compare other 
possible disease diagnosis result within disease database (ears, eyes, noses and mouths) and provide such important 
information as the name of disorders, symptoms, treatment, complications, and recommendations. The rule base 
has been built as a disorder diagnosis decision tree of the system (this system concentrates on ENT and eye 
healthcare).  In the following, we present a rule base example of a part of the respiratory system (nose): 
 IF          body temperature above 37 °C (fever) 
 AND  throat swap (sputum) 
 AND  breathe properly (breathless) 
 AND  cough 
        THEN   patient has a chronic bronchitis 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Mobile Diagnosis System Architecture 
 
x The diagnosis result is displayed after analyzing the conditions from user/patient, the system finds and shows the 
appropriate diagnosis which can be rechecked by doctors if necessary. 
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x The doctor can provide feedback through comments/advice and confirm or revise the diagnosis decision, comment 
and advise treatment of the patient.  
 
The system process is designed to manage the querying of patients and the display of all possible diagnosis results, 
including the doctor’s advice or comments on patients' conditions. The process comprises the following steps. First, 
patients are requested to login via mobile application using patient id and providing necessary signs and symptoms. 
The system generate a diagnosis result (or to a list of possible ones) with the help of the tele-medical diagnosis system. 
After getting the diagnosis result the system forwards the patient’s data to an appropriate health professional/doctor 
who is available online. Doctors can recheck diagnosis result and give advice to patients directly. Both diagnosis 
results can be kept in the PHR database for further reference. In case of unavailability of online doctors, the system 
allows patients to request diagnosis results from the system directly if they need. 
The components of the MOD-SET architecture comprise (as is depicted in Fig. 2.):  
x Location and patient information checking is used to check an emergency reporting location using Google Map 
API and to request patient information such as names situation, and other patient record from patient mobile 
number and display all necessary information to the nearest Community Health Centres or hospital for further 
help management. 
x Vehicle management is used to deal with emergency vehicle to delivery helping patients in time. 
x Delivery with navigation system is used to display the route and distance in real time to rescue patients at the 
reported location. 
 
 
Fig. 2. Emergency Telecare System Architecture 
 
4. System Interface Testing and Result 
The user interface is designed to enable users to understand the system simple to use program although have no 
skill before. The user interface provides description of the application process. The System Interface consists of two 
parts: Telemedicine Diagnosis System and Emergency Telecare System.  
The design of the Telemedicine Diagnosis system can tell the user detailed information about the disease, medical 
detail and how to take treatments which can be described as follows (Fig. 3.):  
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x System diagnosis and advice 
Patient’s diagnosis is the nose. In this case, the all symptoms are given by a patient and possible diagnosis results 
are evaluated with the statistical values. The statistical values of possible diseases can be simply calculated by 
number of symptoms found and given by user answers divide by number of all symptom of disease found. For 
example in Figure 3, where the patient has following symptoms: 1) “body temperature above 37 °C (has fever), 
2) “Tired”, 3) throat swap (sputum) 3) and 4) “cough”, so the system's diagnosis gave as possible values that this 
patient has a chronic bronchitis (4/5= 80%) (based on fever, tired, sputum, breathless and cough) and Emphysema 
(3/4=75%) (based on fever, tired, cough with sputum, breathless). In some of the basic or normal diagnosis cases 
(usually harmless complaints), the user/patient can request diagnosis result and advice directly without waiting 
for the doctor’s online comments/advice.  
x Doctor diagnosis and advice with medical detail 
In the case of more serious complaints, the doctor can assess the patients’ symptoms, analyze the diagnosis result 
and finally provide treatment and advice to the patient after assessment.  The doctor have to sign and give medical 
treatment detail to the patient who can take the prescription reference to get medicines at the nearest Community 
Health Centres or the drug stores. 
 
Fig. 3. Mobile Diagnosis System Interface 
 
The design of the Emergency Telecare system can show the user location via the Google Map API together with 
emergency information and how/where to rescue and help the users (or potential patients) in time, as is shown in Fig. 
4, 5 and 6. 
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The patient can request emergency help by voice via mobile phone (Fig. 4.). The system checks the emergency 
location, situation, names and other user information from patient mobile numbers (Fig. 5.). The system requests 
information from and cooperates with the emergency vehicle from the nearest hospital to where the emergency 
location is reported. The system sends the map of patient location to the vehicle navigation system for a safe and in 
time delivery (Fig. 6.). 
 
Fig. 4. Location and reported emergency via mobile. 
 
Fig. 5. Patient information of reported emergency 
 
Fig. 6. Vehicle navigation system of the Emergency Telecare System Interface 
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The result of system generated diagnosis from the system is rechecked by three doctors with the help of an expert 
system. The results show a level of consistency between the system and doctors' diagnosis at 83%, which is quite high 
given that the system is at a prototype stage. However, 35 diseases  (nose with 12 patients, eyes with 10 patients, 
throat with 8 patients, and ears with 5 patients) have been diagnosed by the MOD-SET and the results show that the 
system can diagnose 28 diseases correctly (nose, eye, throat and ear with correct diagnosis is 10, 9, 5, and 4 
respectively) which is 80% accuracy. 
Test of the user interface (UI) was performed in a continuous process during the software development and involved 
20 users to uncover usability problems of MOD-SET. In each step, ten different users with computing background 
were obliged to check the user interface for flaws and errors. Five medical students and interns tested the user interface 
of Mobile Diagnosis System Interface.  Another five users without computer background checked the interface for 
readability of all texts accessible to the users and doctors. Finally, users evaluated the UI and found that the UI exhibits 
high usability and reasonable effectiveness for patients in case of emergency. The ability of the system is compared 
with its predecessors TEDIST and SPEARS as shown in Table 2. 
 
 
Table 2. Comparative results with the TEDIST and SPEARS 
 
Ability of the system TEDIST SPEARS 
 
MOD-SET 
 
Search and directions to the nearest hospital 8 9 9 
cooperate with the emergency vehicle 8 8 9 
diagnosis and advice 
 
9 8 9 
provide medical detail (prescription) 
 
8 8 9 
mobile application 
 
8 9 
 
9 
diagnose with probabilities 
 
8 8 9 
data link with Community Health Centres 
 
8 9 9 
request diagnosis by voice 
 
8 8 9 
 
5. Conclusion and Further Work 
      In this paper we presented a design-and-create research for the Mobile Diagnosis System with Emergency Telecare 
in Thailand (MOD-SET). The system has been carefully designed to help user/patients with ear, nose, throat and eye 
conditions, as well as doctors save time during the anamnesis process. MOD-SET can be used as an outbound 
diagnosis system that user/patients can use from anywhere via mobile. The user interface has been kept as simple as 
possible with the result that after intensive usability tests the user/patients found no flaws when using it. The system 
test with patients presenting conditions was limited, nevertheless, the UI testing is satisfied with ease of use and users 
feel very useful. The Thai speech-to-text and keyword extraction have to be tested to measure performance in two 
different ambient environments: noisy and quiet environments, by validity of short and long words used in symptom 
specification, since incorrect recognition could result in seriously wrong diagnosis. 
 We plan to extend the features of the system to diagnose other parts of the body system, e.g. neck and skin. The 
user interface can be implemented to interact with patients automatically by voice for asking and answering all 
conditions.  In addition, speech to text such as NECTEC VAJA TTS9 or SVOX Thai Kanya Voice10 will be used for 
reporting diagnosis with voice and contacting with patients after disease diagnosis and reported emergency situations 
via mobile. For further tests (with a higher number of patients) we need an automatic way to protocol the live 
anamnesis dialog and compare it to tele-anamnesis dialogs. This can help medical interns to learn and practice 
diagnosis lesson for real cases 
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